ΔC2, respectively) with a strep-tag at the N-terminus and a deca-histidine tag at the C- terminus. These peptides were purified from the cells by anion-exchange, Ni 2+ affinity,
Moloney murine leukemia virus reverse transcriptase (MMLV RT
type domain (WT) (residues Ile498−Leu671) and two variants that lack the regions 7 containing the C helix (Ile593−Leu603 and Gly595−Thr605, which we called ΔC1 and 8 ΔC2, respectively) with a strep-tag at the N-terminus and a deca-histidine tag at the C- terminus. These peptides were purified from the cells by anion-exchange, Ni 2+ affinity,
Introduction
with MMLV RT, like MMLV RT, the structure of the isolated RNase H domain has been 1 determined whereas the whole structure has not [11] [12] [13] . Under these backgrounds, Das it is difficult to clarify the interaction between the DNA polymerase and RNase H active 9 sites due to the lack of the crystal structure of the whole MMLV RT molecule.
10
The expression and purification of the isolated RNase H domains of MMLV RT in
11
Esherichia coli were previolusly reported [1, [14] [15] [16] . They were expressed without tags 12 [14, 16] or S-transferase fusion protein [1, 15] . In this study, we describe expression, Tesque, Kyoto, Japan) with bovine serum albumin (Nacalai Tesque) as standard. We previously constructed the expression plasmid for C-teminally (His)6-tagged instead of DelI593-L603rev-4 and DelI593-L603for-4, respectively.
9
The expression plasmids for WT, ΔC1, and ΔC2, each with an N-terminal strep tag 10 and a C-teminal (His)10 tag (pET52b-RNaseH-WT, pET52b-RNaseH-ΔC1, and pET52b-
11
RNaseH-ΔC2, respectively) were constructed as follows. The CD spectra of the RNase H domain was measured with a 2-mm cell using a J- We initially attempted to express the wild-type RNase H domain (WT)
19
(Ile498−Leu671) and the two C helix-deficient variants lacking Ile593-Leu603 (ΔC1) and Gly595-Thr605 (ΔC2), with C-terminal (His)6 tags at the C-terminus. We constructed 21 three expression plasmids, pET22b-RNaseH-WT, pET22b-RNaseH-ΔC1, and pET22b- degradation products, could not be completely removed (data not shown).
6
Next we attempted to express WT, ΔC1, and ΔC2 with both an N-terminal strep tag 7 and a C-terminal (His)10 tag. We constructed three expression plasmids, pET52b- pET52b-RNaseH-ΔC1 or pET52b-RNaseH-ΔC2, respectively (data not shown).
16
To purify WT, ΔC1, and ΔC2, we used anion-exchange chromatography as the first (Fig. 2B) . In Fig. 2B , the 50 or 55 kDa faint bands were also observed; however their orgins were unknown. Then, the N-terminal strep tag and C-terminal (His)10 tag were 1 removed by successive proteolysis with HRV 3C protease and thrombin, respectively.
2
After proteolysis, the WT preparation exhibited a single 22-kDa protein band (Fig. 2C) , tags could be concentrated to 1−2 mg/ml, whereas without tags, these proteins could be 9 concentrated to 10 mg/ml (data not shown), indicating that the removing of the tags 10 increased the solubility.
11
To examine if the deletion of Ile593-Leu603 or Gly595-Thr605 affects structural (D18) was used as the substrate (Fig. 4A) . R18/D18 is designed to emit strong 3 fluorescence when R18 is cleaved at a site close to the 3' end, and the fluorescein-labeled 4 RNA fragment dissociates from the complementary DNA strand. Figure 4B shows the 5 difference in the fluorescence spectra of R18/D18 before and after the reaction. Based on 6 the previous report, the MgCl2 concentration was set at 5.0 mM [19] . 
20
Figure 5B shows the denatured PAGE analysis of the products obtained from the RNase H domain with only a C-terminal (His)6-tag, the degraded products could not be 6 completely removed, as described in the Results section. In addition, the removing of the 7 tags was important because it increased the solubility. Based on the SDS-PAGE (Fig. 2) 8 and spectroscopic analysis (Fig. 3 ) results, we considered the purity of the RNase H 9 preparations to be sufficient for use in structural and functional analysis.
10
The DNA in the 25-bp RNA/DNA heteroduplex used in the radioisotope-based
11
RNase H assay lacks the primer 3'-terminus (Fig. 5A ). The reaction with full-length
12
MMLV RT produced 17−20-nt RNA fragments (Fig. 5B) , indicating that the position at manner whether it has the primer 3'-terminus or not.
18
Unlike the full-length MMLV RT, WT, ΔC1, and ΔC2 produced RNA fragments 19 mainly ranging from 7 to 16 nt in length (Fig. 5B) . We speculate a possible mechanism 20 for the generation of fragments of these lengths as follows: For the full-length MMLV exhibited activity, whereas ΔC1 and ΔC2 did not (Fig. 4) . However, in the RNase H assay 7 using a radioactive substrate, all three exhibited the activity (Fig. 5) . Therefore, we 8 concluded that the C helix is not critical for the activity of the isolated MMLV RT RNase 9 H domain. However, the RNase H activities of ΔC1 and ΔC2 were only 10% of WT 10 activity (Fig. 5C ), suggesting that the C helix is important for activity. Similar results have isolated RNase H domain also resulted in weak activity in the presence of Mn 2+ [29] .
19
These results supports the notion that the C helix is important for RNase H activity. 
